By measuring the dimensionless product ( z =v c ) 2 R 0 =h one can estimate the ratio of disk mass to total mass interior to the Sun's orbit, where z is velocity dispersion perpendicular to the disk appropriate to some tracer population, h is the scale height of that tracer, and v c is the circular velocity at the the Sun's distance from the center of the Milky Way, R 0 . While there are model dependent factors of order unity which render this ratio uncertain, it is dicult to avoid the conclusion that there is signicant dark matter interior to the Sun's orbit. Beyond the solar circle radial velocity data for disk stars are consistent with a at rotation curve out to 2R 0 . Beyond that the interpretation of radial velocity data for blue horizontal branch stars, globular clusters and satellite galaxies requires assumptions about their transverse velocities. Proper motion measurements less uncertain than 0.5 mas/yr might resolve this ambiguity.
INTRODUCTION
There may be as many as four distinct kinds of dark matter { disk dark matter, galaxy dark matter, cluster dark matter and cosmological dark matter. While economy of hypothesis would argue that two or more of these are the same, one must then ask why this dark stu nds itself in condensations as dierent from each other as galaxy disks, galaxy halos and clusters of galaxies, as well as in an (as yet) uncondensed cosmological background.
Only two of these species of dark matter lie within the scope of the present conference. In restricting ourselves to dark matter in galaxies we should nonetheless bear in mind that this represents only a tenth of the dark matter observed in clusters. This, in turn, represents only a fth of the dark matter needed to provide the universe with a critical mass density. Milky Way dark matter may be interesting, but in the grander scheme of things it's denitely small potatoes. Perhaps the best question one can ask about the dark matter in galaxies is not whether it exists but rather where it ends and where cluster dark matter begins.
It is considerably more dicult to obtain evidence for dark matter in the Milky Way than in an external galaxy, if for no other reason than that a single pointing of a telescope can suce for an external galaxy, while studies of our own galaxy demand considerably more eort. The Milky Way nonetheless oers unique opportunities arising from the fact that we can, at least in principle, measure all six phase space components for tracers of the Milky Way's potential.
Arguments regarding the presence or absence of dark matter are made doubly dicult by the fact that one must compare a global mass estimate with a census of constituents for which masses are likewise uncertain. In the next section we make two passes at the dark matter question, rst using an overly simple model which has the advantage of exhibiting explicitly the interplay of the four principal measured quantities and then using a more rened model which gives a more reliable if less transparent estimate.
Both models rely on tracers in the disk of the Milky Way, which are therefore on nearly closed orbits. Beyond the disk we must use halo tracers whose orbits are far from closed, and whose distribution of shapes is at best poorly known. Dark matter estimates based on these halo tracers are therefore considerably more uncertain than those obtained from disk tracers. But since they extend to considerably greater distances, they permit one to trace the dark matter further from the center of the galaxy.
CLOSED ORBITS a. Toy Model
The Milky Way is widely thought to be an Sbc or Sc galaxy much like NGC 4565 or NGC 891. The census of such a galaxy can be carried out on the ngers of one hand. There is a disk, a bulge, and perhaps, a \thick disk" (Burstein 1979 ) and a nucleus. The thick disk of the Milky Way contributes of order 10% to the mass of the disk (Gilmore and Reid 1983) , and may not be distinguishable from the conventional disk (Norris 1987) . The nucleus likewise contributes negligibly. That leaves us with only the bulge and the disk. Kent (1986 Kent ( , 1987 Kent ( , 1988 has written a series of papers in which he obtains photometric and dynamical decompositions of spiral galaxies into disk and bulge components. Assuming that the mass-to-light ratios for these are independent of position, he nds that the bulges have M/L values which are roughly a factor of 2 greater than galaxy disks.
In an important paper which is only beginning to receive the attention it deserves, Kent et al. (1991) have used 2:4m data obtained with the Infrared
Telescope own aboard the Spacelab-2 mission to obtain photometric parameters for the bulge and disk of the Milky Way. Among the many useful quantities presented in that paper is an infrared bulge-to-disk ratio for the Milky Way: B=D = 1=5. Unless the mass-to-light ratio for the bulge is very dierent from that seen in other galaxies, the disk contribution to the Milky Way's mass is very much greater than that of the bulge. Our census of the Milky Way has produced a single major contributor to its mass { the disk. The evidence for dark matter in the Milky Way can now be presented in cartoon form by assuming that the rotation curve for the Milky Way is constant and that the disk is solely responsible for the potential which produces that rotation curve. A uniform disk with surface density varying as 1=R gives a constant rotation curve (Mestel 1963) . The surface density at any point in that disk is given by M estel = v c 2 =RG. But the local surface density of the Milky Way can be determined from measurements of the velocity dispersion perpendicular to the plane, z , and the scale height h perpendicular to the plane, with local = z 2 =hG for the idealized case of a massless isothermal tracer in the eld of an innitely thin disk. The ratio of the local surface density to the density needed to produce the observed circular velocity using our Mestel disk model, would therefore be
Taking R 0 = 8:5 kpc (Kerr and Lynden-Bell 1986) , h = 300 pc (c.f. Bahcall and Soneira 1980), v c = 220 km/s (Kerr and Lynden-Bell 1986 ) and z = 20 km/s (Hartkopf and Yoss 1982) we nd that the local surface density is only one quarter of that required by the Mestel disk model. Since the bulge makes only a small contribution to the total mass, one is driven to the conclusion that the major contribution to the circular velocity at the Sun's position lies in an unseen component { a dark \halo" or \corona." b. Freeman Disk A more realistic model would depend upon the four observables in the same way as in our toy model, but with dierent dimensionless factors which might reverse our conclusion that the disk contributes little of the mass interior to the solar circle. The surface brightness proles of disks in external galaxies look more like exponentials (Freeman 1970 ) than Mestel disks. Assuming that the surface mass density in the disk has an exponential scale length R d , we can use the locally measured surface density to derive a mass for the disk. A dimensionless function, f(R 0 =R d ) gives us the fraction of the mass interior to the Sun's orbit. This can then be compared to the total mass interior to the solar circle (again assuming a spherical mass distribution), giving For the sake of argument we adopt Gould's (1990) value local surface density, = 54 6 8 M , which he derives from the data of Kuijken and Gilmore (1989) . For the Kent et al. (1991) value of R d we have f = 0:77, putting a large fraction of the disk mass interior to the Sun. We nd that the disk contributes only 42% of the mass inside the solar circle. There has been a spirited ongoing debate about the presence or absence of dark matter within the disk of the Milky Way (see the volume edited by Philip 1989 , and the recent papers by Kuijken 1991 and Bahcall et al. 1991) , with estimated ratios of dark matter to luminous matter in the ranging from zero to unity. The dierences involve dierent censuses of luminous components and dierent methods of analysis using dierently chosen tracers of the disk potential. Gould's surface density estimate puts relatively little dark matter in the disk. Were we to use a larger value, we would nd less dark matter in the halo, at the expense of more dark matter in the disk. A fundamental dierence between the two is that disk dark matter must be dissipative, while halo dark matter need not be. Since many non-baryonic species of dark matter would be non-dissipative, they would be ruled out as candidates for disk dark matter. Had we used van der Kruit's value for the disk scale length we would have found the disk contributing a yet smaller fraction to the total mass interior to the Sun's orbit, but with a larger fraction of the disk's mass beyond the solar circle. In either case the ratio of disk mass to total mass decreases at radii larger than R 0 as long as v c remains roughly constant. Since the rotation curves of external galaxies are found to be nearly constant out to their last observable point, it behooves us to determine the rotation of the Milky Way as far as possible from its center. c. Rotation of the Milky Way to 2R 0 It is unfortunate that the tangent point method for measuring rotation using neutral hydrogen data, which works so well inside the solar circle, cannot be used beyond it. One needs a tracer of the galactic potential for which accurate distances can be determined, and which is suciently abundant that it can still be found 2 or three scale lengths beyond the Sun. Mike Merrield (1992) has invented an ingenious method for using neutral hydrogen (what could be more abundant?) which relies, however, on the assumption that the scale height of the hydrogen at a given radius is independent of galactocentric azimuth. More traditonal investigators have used individual stars and OB associations (Blitz, Fich and Stark 1989) .
There are a number of diculties associated with such determinations; these can only be touched upon here. One must be sure that the estimated distance to the tracer is on the same scale as the distance to the galactic center { otherwise one will make a systematic error in computing galactocentric radius and in deprojecting the observed radial velocity. One must correct for heavy absorption by intervening dust. One must allow for the possibility that the intrinsic luminosity of the chosen tracer might vary with metallicity, and hence galactocentric radius. One must allow for Malmquist's eect, which depends upon A(m), the observed apparent magnitude distribution for one's tracer. This is particularly dicult in the presence of patchy galactic obscuration which varies with both latitude and longitude. And one must allow for the possibility of an elliptical potential. My colleagues Marc Aaronson, Victor Blanco, Kem Cook, Ed Olszewski and I (Aaronson et al. , 1990 undertook to use carbon stars to trace the potential out to to 2R 0 . Previously unknown carbon stars were identied using the Curtis and Burrell Schmidt telescopes operated by NOAO. Radial velocities and JHK photometry were then obtained at Las Campanas, Cerro Tololo and Mount Palomar. We observed carbon stars interior to the solar circle to calibrate their intrinsic luminosities, guaranteeing that all our distances are on a consistent scale. We plot the quantity 0v lsr = sin`against an abscissa chosen so that a linear rotation curve produces a linear distribution of points, with slope 2AR 0 , where A is Oort's constant. For the special case of a at rotation curve the slope is equal to v c . Results for a subset of our data are shown in Figure 1 . One sees rst that there is substantial scatter, consistent with the fact that carbon stars have a rms spread in absolute magnitude of roughly 0.60 mag. Second, one sees that we run out of carbon stars at roughly 2R 0 { we have found the edge of the disk. Third, while we can determine the slope quite accurately, it is dicult to tell whether the points deviate from linearity. In Figure 2 we have binned the points from Figure 1 in groups of 16. The rotation curve now appears to be very nearly linear. For the sake of comparison we show several model rotation curves which are constant out to some radius and then fall o in Keplerian fashion. A Keplerian onset at 1:8R 0 is not ruled out, but is at 1:6R 0 . This approach suggests a useful way of parameterizing mass (see, e.g., Fich and Tremaine 1991), which we shall adopt for the remainder of our discussion: we assume a at rotation curve out to some limiting radius R max , expressed in units of R 0 .
There are several embarrassments associated with Figures 1 and 2 to which I must confess. The rst is that at distances greater than 2R 0 more than half of the circular velocity is projected perpendicular to the line of sight. Radial velocities are increasingly inecient at larger distances { proper motions would give a better rotation curve if they could be measured. The second is that the uncertainty in the overall slope is dominated by the details of the adopted Malmquist correction { carbon stars are simply too poor a standard candle. The points shown have been corrected using one of several alternative schemes for estimating Malmquist's eect. The resulting slope is 2AR 0 = 227 km/s.
The third embarrassment is that our measurements of velocities relative to the Local Standard of Rest give us only the Milky Way's dierential rotation.
Our stars might have some constant angular velocity with respect to an inertial frame which would not show up in our radial velocities. The data tell us that the rotation curve is linear but not at. One must therefore incorporate some measure of the Sun's angular velocity around the galactic center to determine the circular velocity at any radius. The best available data are those of Backer and Sramek (1987) , who used the VLA to determine the proper motion of the galactic center against background radio sources over the course of 5 years. They found a proper motion of 6 6 0:6 mas/yr. This 10% uncertainty propagates into a 20% uncertainty in the rotation speed at 2R 0 , and a 40% uncertainty in the mass interior to 2R 0 . Their last measurements were taken 6 years ago. New measurements would improve the uncertainty enormously. Their proper motion is, it should be noted, consistent with a at rotation curve. Cognoscenti will recognize that Oort's A and B constants also give a handle on this quantity. But the road to Oort's B is a rocky one and I prefer the simplicity of Backer and Sramek's approach.
For the record, it should be noted that if we use van der Kruit's value for R d , which maximizes the disk mass out to 2R 0 , we nd that the mass in the disk is only one quarter of the mass out to 2R 0 . The rest is presumably dark.
RANDOM ORBITS: VELOCITY DISPERSIONS BEYOND 2R 0
How much further might the circular velocity be constant beyond the edge of the disk? The problem becomes very much more dicult since material beyond the disk can no longer be presumed to be on closed or nearly closed orbits. For objects on closed orbits one can infer the transverse velocity (and hence the circular velocity) from the radial velocity. The objects beyond the disk { globular clusters and halo stars { are on plunging orbits for which the ratio of radial to transverse velocity is a matter of some debate.
The degree to which these orbits plunge is not widely appreciated. One can construct an illustrative spherical model for an elliptical galaxy with a logarithmic potential using Schwarzschild's (1979) method. Only one orbit is needed to produce an r 03 density prole and an isotropic velocity dispersion tensor. It has a ratio of apogalacticon to perigalacticon of 3.73.
Several dierent methods have been developed to measure the mass of the halo beyond 2R 0 , all of which rely rst, on measurements of the radial velocity dispersion of a tracer population, and second, on assumptions about the shape of the typical orbit. The most straightforward of these is that used by Hartwick and Sargent (1978) 
Here r is the radial velocity dispersion, is the number density of the tracer and = 1 0 2 = r 2 , the \anisotropy parameter," is 0 for isotropic orbits, 1 for radial orbits and 01 for circular orbits. The tracers used for such studies { globular clusters, satellite galaxies and blue horizontal branch (BHB) stars, have number densities which typically fall o as r 03 or r 04 .
Since v c (r) 2 is inferred from the measured radial velocity dispersion, one needs large numbers of tracers to get a modest fractional uncertainty. Worse yet, for the case of an r 03 density prole, isotropic orbits give masses which are larger than those for radial orbits by a factor of 3! In the absence of strong arguments constraining the anisotropy parameter one must measure proper motions to eliminate this ambiguity. Little and Tremaine (1987) have concocted a scheme for estimating either masses (under the assumption of a Keplerian potential) or v c 2 (under the assumption of a logarithmic potential) using a small sample of objects (assumed to be either complete or a fair sample thereof) spanning a wide range of radii. Their method is subject to the same uncertainty regarding the assumed anisotropy, and an added uncertainty arising from the need for some assumption about the relative likelihood of dierent values of v c (r). Norris and Hawkins (1991) have newly identied ten faint blue horizontal branch stars at galactocentric distances ranging from 40 to 65 kpc. The observed radial velocity dispersion in this sample is 111 6 25 km/s. They estimate the logarithmic derivative of the number density to be -4. Their data are therefore consistent with a at rotation curve to 6R 0 under the assumption of isotropic orbits. A major concern in their analysis is possible contamination by foreground blue stragglers, which they attempt to eliminate using Balmer absorption line strengths. One of the great strengths of their method is that there are many more BHB stars at the same radius waiting to be found { their sample was drawn from just two Schmidt plates. Hartwick and Sargent (1978) , Little and Tremaine (1987) , Zaritsky et al. (1989) and Kulessa and Lynden-Bell (1992) have used globular clusters and satellite galaxies to work at even greater galactocentric distances. The results depend critically upon whether one includes or excludes the Leo I dwarf, at a radius of 230 kpc with an observed velocity of 177 km/s (Zaritsky et al. 1989 ).
Excluding Leo I and Leo II (at roughly the same radius) one nds that the 12 satellites and globulars in the range 51 < r < 140 kpc have a line of sight velocity dispersion of 86 km/s.
A simple escape energy argument shows why Leo I so dominates the calculation. If one adopts the a \minimal halo" model (Fich and Tremaine 1991) , with a at rotation curve out to a radius r max < r Leo and a Keplerian fallo thereafter, and assumes that Leo I is bound to the Milky way, one has 
implying a at rotation curve out to at least 8R 0 . If Leo I had any transverse velocity, the curve would extend even further.
These same escape arguments may, in principle, be applied to any sample of stars (e.g. Leonard and Tremaine 1989) . One of the Norris-Hawkins stars, an RR Lyrae at r = 61 kpc, has a radial velocity of 227 km/s.
WHAT IS IT?
Calculations of big bang nucleosynthesis (Walker et al. 1991) argue for a low present day baryon density, perhaps so low that it rules out baryonic matter not only for closing the universe but even for providing the dark matter within clusters of galaxies. Non-baryonic particles are a natural constituent of many favored approaches to unifying the strong interaction with the weak and the electromagnetic (e.g. Turner 1987 ). My theorist friends take it for granted that the dark matter is non-baryonic. A number of experimenters have taken such arguments so seriously that they have begun laboratory searches. Experiments are underway in Berkeley, Munich and elsewhere to detect various candidate dark matter particles directly. I am not competent to judge whether any of these is likely to produce interesting or useful constraints.
There is a second kind of dark matter, baryonic objects with substellar masses, which may be somewhat more familiar. Several groups are looking for MACHOs, massive astrophysical compact halo objects, which if present, would produce microlensing of the stars in the Magellanic Clouds and the galactic bulge (Udalski et al. 1992 , Bennett et al. 1992 . The groups carrying out these searches involve curious marriages of convenience. On the one hand there are particle physicists who believe that the dark matter is non-baryonic and whose principle interest is in ruling out MACHOs. On the other are classically inclined astronomers whose enthusiasms run toward the Cepheids, RR Lyraes, Algols and SX Phoenicis stars that the are the inevitable byproduct of such a search. The Warsaw/Campanas eort, \OGLE", has already obtained photometry for more than a million bulge stars on each of 45 nights (Udalski et al. 1992 ).
BOK TO THE FUTURE?
The future belongs to the astrometrists. Those of us who measure radial velocities have been stymied by our ignorance of the transverse velocities of tracers of the halo potential. We measure only one of the three available velocity components. The expected proper motions for stars at 5R 0 are of order 0.5 mas/yr. Why not start a proper motion program now? The natural fear is that a superior technology would upstage such a program just as it was time to obtain second epoch data. The expectation of even modest gains leads to procrastination. But wouldn't two sets of results be better than none?
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